observed to determine if they exhibit similar behavior, which was the goal of this study.
156
Our specific objectives were to 1) assess seasonal changes in the spatio-temporal 157 distributions of wild fish populations within the entire area of the electric dispersal barrier system 158 throughout a one-year period, 2) assess whether fish size affected fish distributions in various 159 parts of the barrier, and 3) assess fish behavior and the frequency of fish-barrier interactions and 160 behavior within the zone of ultimate field strength.
161

Materials and methods
162
Electric barrier system 163 The power system for the electric barriers is a constant voltage system, meaning that the 164 system automatically compensates for changes in electrical load (water conductivity) to maintain Table 1 for description of sites). In-water voltages begin to rise at the downstream parasitic 184 structure (structure composed of woven wire that "absorbs" and prevents stray electricity from 185 entering areas upstream and downstream of barrier system; site 2) and gradually rise until it 186 peaks between the two narrow, high-field arrays (site 6). The voltage then abruptly decreases at Ten-minute recordings were made at each sub-site in random order. The DIDSON unit 190 was operated in high-frequency mode (i.e., 1.8 MHz) with a window length of 10 m, starting D r a f t 10 (i.e., parallel to the water surface) for sub-sites A and J, -25˚ tilt for sub-sites B and I, and -45˚ 197 tilt for sub-sites C-H (Fig. 3) would be counted multiple times. Thus, fish abundance estimates may be elevated at all sites.
235
For the focused sampling, we did not count the fish in the same manner as described 236 above. Initially, attempts were made to quantify all fish that appeared in the viewing cone.
237
However, during some sampling events, the entire DIDSON viewing cone would be saturated 238 with a mass of fish moving through it, making the enumeration of separate schools impossible.
239
Further complicating the enumeration of these schools was the behavior and non-directional 
Data analyses
259
The probabilities of individual fish and schooled fish presence were compared across 260 locations (i.e., sites or sub-sites) and seasons. Specifically, we used binary logistic regression 261 models to determine whether the probability of individual fish presence was different based on 262 the location within the electric barrier (i.e., site or sub-site); the logit-link function was used to 263 transform location-specific probabilities to the natural log of the odds ratio of presence versus 264 absence. Post-hoc odds ratios were used to examine which locations were responsible for D r a f t 13 significant effects. An odds ratio is the ratio between the probability of an event occurring versus 266 the probability of the event not occurring. An odds ratio of 1 indicates a probability of 0.5 of an system. In all models, beam volume was used as a weighting factor as described below. The 274 effect that fish size has on determining which site a fish was present at was evaluated using a 275 logit model. Wald χ 2 statistics were used to determine whether size had an overall effect on fish 276 distributions throughout the barrier system.
277
Prior to analysis of count data from the DIDSON recordings, the data were standardized (Fig. 4; Table 3 ). Probabilities of observing schooled fish at specific sites also 316 differed seasonally, however the main effects of site and season were not significant (Table 2) .
317
Probabilistic estimates of fish school presence were different among sites in the summer and fall, 318 but were not statistically different in the winter or spring ( Fig. 4 ; Table 3 ). Site-specific absences 
D r a f t
We found that the presence of individual fish at specific sites was related to fish size Both individuals and schools of fish that challenged the barrier were observed facing 368 upstream and swimming both up and down and sideways along the electrical field; fish were also 369 observed swimming into the electrical field and then returning downstream on their own volition.
370
We did not observe any fish becoming incapacitated within the barrier. The fish that were 371 observed penetrating the furthest upstream into the zone of ultimate field strength attempted to Stewart (1990) proposed that electric barriers should be used to modify a particular fish behavior 394 rather than outright prevent it.
395
On several occasions, we observed fish swimming through the entire DIDSON viewing observed that when fish breached the barrier, they often did so at the water surface adjacent to 431 the canal wall.
432
Fish size was a significant factor affecting the degree to which wild fish could penetrate 433 into the barriers during the summer and fall with the smaller fish being able to penetrate furthest.
434
Mostly larger fish were present in the winter and spring, with the smallest individuals likely age- 
478
Based on these results, the presence of Asian carp below the barrier would be concerning.
479
Both bighead and silver carp have been shown to exhibit positive rheotaxis and make long 
506
In conclusion, we found that wild fish accumulate below the electric barrier and at times 507 will persistently challenge it. Some of these fish, depending on their size, were able to penetrate 
511
Of particular concern are times when barriers are de-energized, as part of either planned 934   935   936  937  938  939  940  941  942  943  944  945  946  947  948  949  950  951  952  953  954 
